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Experiments are being conducted i n  the United States ,  d i rec ted  t o n &  
developing techgiques f o r  accurate tracking of o rb i t i ng  o p t i c a l  r e f l ec to r s  
with l a se r s .  The development i s  now su f f i c i en t ly  advanced t o  permit us t o  
pred ic t  t h a t  l a s e r  t racking w i l l  undoubtedly prove a valuable t o o l  f o r  
determining precise  o r b i t a l  posit ions,  and thus can be added t o  the  other  
u sem1  radio and op t i ca l  methods of s a t e l l i t e  geodesy. 
we a r e  a l s o  deriving information concerning the  propagation of laser beams 
through the  atmosphere, and a wealth of p rac t i ca l  experience t h a t  must be 
assimilated before op t i ca l  techniques can be extended t o  more sophis t icated 
types of tracking and t o  long range, high information rate communication. 
The Beacon-Explorers B and C (Explorers 22 and 27) were provided f o r  
From these  experiments, 
t h i s  purpose, with arrays of cube-corner r e t ro - r e f l ec to r s  designed t o  present 
as l a rge  an e f fec t ive  r e f l ec t ing  area as possible  t o  t racking s t a t ions  i n  t h e  
Northern Hemisphere (Ref. 1,2). 
i n t o  an o r b i t  with inc l ina t ion  79.7 , apogee 1,100 km, and perigee 939 km. 
Explorer 27 was launched Apri l  29, 1965 i n t o  an  o r b i t  with inc l ina t ion  41.186', 
apogee 1,318.2 km, and perigee 939.3 km. 
9zt.ion i n  t h i s  experiment, the  s a t e l l i t e s  and plans were described by NASA 
a t  the  Third In te rna t iona l  Conference on Quantum Ekc t roz ic s  i n  Paris,  on 
February 13, 1963. A s  a r e s u l t  before Explorer 22 was launched, laser t racking 
s t a t i o n s  were establ ished by the  Bri t ish D.S.I.R., Radio Research Stat ion and 
by the  French Service D'Aeronomie, CNRS, as w e l l  as by several  organizations 
i n  the  United S ta tes .  
Explorer 22 was launched October 9, 1964 
0 
I n  order  t o  s t imulate  wide p a r t i c i -  
A l l  of the  experiments have, thus far, employed pulsed ruby lasers as 
t h e i r  source of transmitted r ad ia t i rn .  The first observations of laser 
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re f lec t ions  from Explorer 22 (Ref. 3, 4) ,  were obtained shor t ly  a f t e r  i t s  
launch, by the General E lec t r i c  Company a t  Phoenix, Arizona and by the  
Goddard Space F l ight  Center near Greenbelt, Maryland. 
photoelectr ic  s igna is  pliGkgrzph?d on an oscil loscope. 
time from transmission o f  the pulse t o  reception of the  echo has been measured 
They consisted of 
More recent ly ,  the  
t o  determine range a t  a la rge  number of po in ts  during sone passes of the 
Beacon-Explorers over Greenbelt. 
var ia t ion  versus time f o r  a typ ica l  pass of Explorer 27, i n  which each dot 
represents  reception of a f l a s h  and a range determination, when the  l a s e r  
was  f i r e d  a t  the  r a t e  of once per  second. 
Figure 1 i l l u s t r a t e s  the  h is tory  of range 
Reflected ruby l a s e r  rad ia t ion  from the  Beacon Explorers has a l so  been 
used t o  produced photographic images of the sa te l l i t e  against  a star background. 
This w a s  accomplished f i r s t  by the A i r  Force Cambridge Research Laboratories 0 
(Reference 5 ) ,  a t  Bedford, Massachusetts. 
Astrophysical Observatory (Reference 6)  , col laborat ing with the General 
E lec t r i c  Company, photographed laser re f lec t ions  from Explorer 2-j' using the  
Baker-Nunn camera a t  Las Cruces, New Mexico. 
More recently,  the Smithsonian 
These techniques thus proiii1se t o  y i e l d  prec ise  measurements of s a t e l l i t e  
pos i t ion ,  when they are developed t o  an operat ional  stage.  
t racking methods require  photography of the  s a t e l l i t e  by r e f l ec t ed  sunl ight ,  a t  
a time when the  sky i s  dark enough t o  allow simultaneous photography of the  
stars.  By imposing accurate time markings onto the  trails  of  the sa te l l i t e  
and/or the  stars, and carefu l ly  measuring the  s a t e l l i t e ' s  coordinates with 
respect  t o  the  f ixed  stars, i t s  angular pos i t ion  with respect t o  the  observing 
The t r a d i t i o n a l  o p t i c a l  
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s t a t i o n  a t  a pa r t i cu la r  time can usual ly  be determined t o  within an estimated 
e r r o r  of about two seconds of arc .  This method was extended, i n  the  U.S. 
s a t e l l i t e  ANNA IB by i n s t a l l i n g  satel l i te-borne beacon l i g h t s  which could be 
, commanded t o  produce powerful E&skzc  nt known times over an observing c m e r a  
s t a t ion .  
port ions of the s a t e l l i t e  o r b i t  t h a t  were i n  the shadow of tine ear th .  
It w a s  then possible  t o  obtain accurate angular pos i t ions  during 
The 
wider d i s t r ibu t ion  of such measurements could be t r ans l a t ed  i n t o  improved 
determination of o r b i t  parameters or in to  addi t iona l  geodetic data.  
Photography of re f lec ted  l a s e r  radiat ion o f fe r s  the same improvement i n  
wider d i s t r ibu t ion  of angular data,  with the added advantage t h a t  the  s a t e l l i t e  
equipment i s  completely passive.  To t h i s  we must a l so  add the  a b i l i t y  t o  
measure range precisely,  which i s  a very p o w e r w  geodetic too l .  
e l e c t r i c  range measurement can also be performed i n  daylight,  i f  we employ 
a narrow-band wavelength f i l t e r  t o  r e j ec t  sca t te red  sky background l i g h t .  
Using very shor t  burs t s  from a "giant-pulse" l a s e r ,  and timing the two-way 
t r i p  with a 100 mc/s counter, we expect resolut ion of three meters i n  each 
range measurement. 
The photo- 
Simultaneous range and angle measurements w i l l  enable 
es tab l i sh ing  o r b i t  parameters a f t e r  a slngk pass over a laser t racking s t a t ion .  
The development of t h i s  t racking method W i l l  continue, p a r t i c u l a r l y  t o  
permit laser range determination during dayl ight  passes and when the satel l i te  
i s  i n  the  shadbw of the earth.  
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